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1 
The prescrit invention relates to a system for 
lengthening pulses whereby trains of incoming 
wave energy of short duration may be effectively 
lengthened. The system has a particular appli- 
cation as a means for producing artificial rever- 
beration without ïequiring the use of reverbera- 
tion chambers. 
An object of the present invention is to pro- 
vide means for increasing the rime duration of 
pulses of any given frequency so that they may 
be more readily utilized in succeeding devices, 
or more readily heard by the human car or viewed 
on the screen of an oscilloscope. 
Another object of the present invention is to 
provide a device capable of producing a gradual 
decay following short pulses fed into the device. 
Stil! another object of the prescrit invention 
is to provide a device for introducing artificial 
reverberation on voice or program signals. 
Another object of the present invention is to 
artificially produce reverberation without re- 
quiring the use of reverberation or echo cham- 
bers. 
The foregoing objects and others which may 
appear from the following detailed description 
are attained by utilizing a number of sharply 
tuned circuits, each of which may be excited into 
oscillation by signals of the frequency to which 
it is tuned. For frequencies other than those 
e:<actly resonant, the circuits most closely adja- 
cent the frequency are excited to the greatest 
extent. After the incoming signal or puise bas 
ceased the circuit or circuits continue to oscillate, 
the amplitude of oscillation decaying af a rate 
depending upon the circuit "Q" or figure of merit 
of the resonant circuit. The circuit "Q" may 
be defined as a quantity proportional to the ratio 
of the energy stored to the energy lost per cycle. 
The quantity Q is a measure of the damping of 
a free]y oseil!ating circuit. Thus high Q circuits 
provide for a greater degree of pulse lengthening 
but reqire the use of alarger number of reso- 
ns.nt circuits since each circuit is more sharply 
tuned and thus responds fo a narrower frequency 
pectruïn. Expressöd in another way, since the 
deçay period is a fuction of the Q of the reso- 
riant system iavolved approximately Q cycles 
arc lequired for any system fo reach a final 
steady set value. Thus, if the applied frequency 
s !,000 cycles per second and the Q of the circuit 
s _,000, t.he decay period will be one second. 
Whe] long decay periods are required, it will thus 
ho appare]t that the tuned circuit resonators 
must be tuned to closely adjacent frequencies fo 
provide a substantially uniform response. Thus 
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to cover a broad band of frequencies a large 
numböï of resonant circuits are required. 
However, another aspect of the present inven- 
tion provides a system whereby eàch of the reso- 
 nant circuits individually responds to a larger 
number of frequencies, harmonically related to 
one another, thùs decreasing the number of reso- 
nant circuits required. 
In the electrical circuit embodiment, to be later 
10 described, regenerative amplification is utilized 
in the tuned circuits, thus producing extremely 
high effective values of Q which are well above 
those ordinarily obtainable. 
The pïesent invention will bemore fully under- 
15 stood by reference to the following detailed de- 
scription which is accompanied by a drawing in 
which: 
Figure I illustrates in block diagram form, 
one type of pulse lengthening circuit, while 
20 Figure 2 shows a typical simplified regenera- 
rive arrangement whereby the Q of the circuits 
of Figure '1 may be increase d many fold. 
Figure 3 shows another type oï pulse lengthen- 
ing circuit whereby longer decay periods may be 
'2.5 obtained. 
Figure 4 illustrates in perspective a structural 
embodiment utilizing the principles shown gen- 
erally in Figure 3, and 
_Figure 5 is a diagram illustrating a typical cir- 
0 cuit arrangement which may be employed with 
the structure shown in Figure 4. 
Peferring now fo Figure 1, a pair of input ter- 
minais I and 2 are shown fo which the signals 
are applied for adding the artificial reverbera- 
35 tim. From the line connected fo terminal '2 are 
bridged isolation resistors 4, ,  and 2. These 
resistors connect at junction points I, ,  and 
2 to the high Q circuits 22, 2, 2 and 2 and a]so 
to the output isolation resistors {}, 32, .$ and 
40 3. The output isolation resistors , 2,  and 
, are cmnected through variable attenuator 
resistor $ to output terminal  and load 
sistor . The other input terminal is directly 
connected to output terminal 2. This connec- 
45 tion may constitute a point of zero reference po- 
tential or ground. Signa]s without added 
verbeïtion are fed direct]y ïrom input terminal 
2 to cutput temninal , tlu'ough resistor . The 
incoming fremencies ecite the particular high 
5O Q circuits 22, ,  and 28 which are most closely 
adjacent to resonance. The particular circuits 
which are actuated into electrical vibration con- 
tnue after the exciting waves bave stopped. The 
amplitude of vibration in the high Q circuits, de- 
55 cays in a manner simi!ar fo that of acoustical 
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reverberation systems. By adjustment of atten- 
uator resistor 38 the desired amount of electrical 
reverberation effect may be added fo the signals 
and by varying the Q of the high Q circuits, the 
rime oï reverberation may be varied. While only 
four high Q circuits have been shown in Figure 
1, in practice several more would be added as 
indicated by the dotted line portions in the 
center of the figure. 
Figure 2 shows a typical electrical resonant 
circuit whereby a suflïciently high Q may be ob- 
tained from an ordinary tuned circuit to make if 
have a satisfactory decay rime for use in the 
system shown in Figure 1. The terminals 
and §2 serve as connections to the circuit of Fig- 
ure 1 while the tuning elements consist of in- 
ductance 6 and capacitor 4. Grid 8 of a vacu- 
um tube is connected to one side of the tuned 
circuit while the other side of the tuned circuit 
goes to the negative side of the anode supply 
battery which is usually grounded or at zero 
reference potential. The anode 62 of the vacu- 
um tube is conneited fo the positive side of the 
anode supply battery 60 while the cathode 
of the vacuum tube is connected through resistor 
9 fo an intermediate tap on inductor 
wfll be relognized that ihis circuit is similar to 
a conventional oscillator circuit. If resistor 59 
is ruade suflïciently low in value, self oscillation 
will occur. However, in practice resistor 59 is 
so adjusted that oscillations do not occur but 
instead the vacuum tube merely acts to inirease 
the effective Q of the circuit as seen from in- 
put terminals } and 2. Thus resistor 9 serres 
as regeneration control and determines by its 
adjustment the decay of signals applied fo the 
circuit. 
In effect the vacuum tube may be considered 
a negative resistance device capable of neutrat- 
izing fo any desired extent the inherent resist- 
ance of the tuned circuit 
Whfle the operation of the system as de- 
scribed above is entirely feasible af any desired 
point in the frequency spectrum, it has been 
round that many tuned elements are required 
in order to cover the audio frequency range 
satisfactorfly. However, for purpose other than 
program reverberation the system as so far de- 
scribed is perfectly satisfactory. It may, for ex- 
ample, be utilized fo increase the rime duration 
of pulses so that they may be more readily 
viewed on an oscilloscope. 
A different arrangement for providing many 
high Q circuits with a small number of circuit 
elements will now be described with referençe 
fo Figure 3. Figure 3 shows a mechanical ïes- 
onance system involving a magnetic string 
stretched across bridges 6§ and 66 suitably ar- 
ranged on a supporting base 7. The arrange- 
ment may be tuned by adjusting the tension of 
the string 74 by means of tensioning screw 72. 
The tension may be adjusted so that string 
resonates at a fundamental frequency low in the 
audio frequency spectrum. If may be driven by 
applying an audio frequency voltage across the 
polarized electromagnet 68 placed as close fo the 
wire 7} as is practical with due consideration to 
the vibration amplitude of the wire. That is, the 
wire must never vibrate into or touch the metal 
pole piece of the electromagnet 66. The distance 
along wire 78 from bridge 66 to the driver elec- 
tromagnet 68 determines the ratio of funda- 
mental to harmonie response amplitudes. A 
small distance results in a greater percentage 
of harmonics and the production of a greater 
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number of measurable high harmonics. The 
magnetic pick-up unit 67 is similar fo driver 66 
and is similarly adjusted close to the wire 7{} 
and to the bridge 6§. 
5 Now, since a single string 7{} witl produce re- 
verberation not orfly in its fundamental ff'e- 
quency but also in a large number of harmonic 
frequencies, it is possible, by employing a reta- 
tively small number of differently tuned wires, to 
10 derive reverberation af closely spaced harmonics 
over the entire audio spectrum. The wires ll2ly 
be used with separate dïiver and pick-up mag- 
nets but in order fo simplify the apparatus, it 
is preferred that a number of strings be em- 
15 ployed with a single set of driver and pick-up 
magnets. Such an arrangement is shown in Fig- 
ure 4. 
I-Iere, the bridges 66 and  support a number 
of wires 7}, all of which are adjusted to slightly 
20 different tensions by tensioning screws 72. In the 
figure we have shown in more detail the con- 
struction of the driver electromagnet 68 and the 
pick-up electromagnet 67. The electromagnets 
maY be similar in form to an ordinary electro- 
25 magnetic earphone with the diaphragm removed. 
That is, a pair of closely adjacent rectangular 
soft iron pole pieces 8{} are surrounded by wind- 
ings 8 and 82. A suitable polarizing magnet, 
not shown, is connected to the rear ends of pole 
30 pieces 8}. The leads from the ends of coils 6 
and 82 are connected fo terminals 83, suitably 
supported on an insulating block 64. The wires 
79 of Figure 4 may be tuned, for example, to 25, 
35, 45, 55, 65 and 75 cycles per second. "Vith this 
35 tuning, harmonics would fall as follows over the 
medium low frequency range: '50, 70, 5, 90, 
I00, 105, II0, 125, 130, 135, 140, 150, 165, 175, 180, 
195, 200, 210, 220, 225, 260, 270, 275, 300, 325, 330, 
375. If is evident that more strings, tuned fo still 
40 other fundamental frequencies, would cause the 
harmonics fo fall even closer together and thus 
fill in the audio spectrum more completely. If is 
desirable, in attempting fo duplicate the rever- 
beration of larger rooms or caverns, fo have 
.5 the reverberation frequencies as closely spaced as 
possible; that is, no voids should exist. 
In order to provide different degrees of damp- 
ing of the strings, a mechanical damper ar- 
rangement may be utilized. One form which çhe 
.:) mechanical damper may take is a rhin strip of 
rubber 6§ arranged fo be contacted against 
strings 70 with a varying pressure and at a 
suitably chosen position along the length of 
string 7{}. The variable pressure of the edge 
:5 of rubber strip 8 against string 7} may be pro- 
vided by arranging the rubber strip 8§ on a car- 
rying member 66 mounted for rotation in bear- 
ings 87. By rotating knob 68 the pressure of 
the rubber strip 6 may be varied. Since it may 
ç be desirable to shift the position of rubber strip 
6 along the length of wires 7{}, the bearings 67 
may be supported on a carriage 89 slidable along 
rods 90 and 9 arranged on base plates 7 par- 
allel to and beneath strings 7}. If desired one 
« end of the carriage 89 may be split and a thumb 
screw 92 provided for clamping the carriage on 
rod . 
Figure 5 shows a complete controilable artifi- 
cial reverberation sytem utflizing the structure 
7 of Figure 4. In this figure the structure of Fig- 
ure 4 is again shown but in schematic form. 
Here, input terminals  and 2 are connected 
across a variable potentiometer 00, the s]ider of 
which is connected to grid 102 of vacuum tube 
75 I. The driving e!ectromagnet 60 is connected 
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between plate 03 of tube 05 and a suitable 
source of anode potential as indicated by the ter- 
minal labeled ÷B. A suitable grid bias for the 
proper operation of vacuum tube ]05 is provided 
by connecting a resistor  06 between cathode ] 
and the ground or --B terminal. The variable 
potentiometer  00 adjusts the amount of artificial 
reverberation relative fo the direct program. The 
tube 0 provides isolation between the reverber- 
ation unit and the input terminals, and amplifi- 
cation for feeding the driver unit 66. The pick- 
up unit 67 is connected to apply the reverberat- 
ing signals from wires 70 fo grid 2 of output 
tube ] |5. Direct program is supplied from input 
terminal 2 fo the grid 122 of tube 125. The 
anodes ||3 and 23 of tubes ||5 and 2- are con- 
nected together and through the primary |30 of 
output transformer 3 to the source of anode 
potential. Cathodes    and  2  of tubes I  5 and 
25 are connected through resistors 6 and |26 
fo the ground terminal or to a point of zero refer- 
ence potential whereby the resistors 6 and 3 
furnish operating bias fo the grids 2 and 122. 
Since the anodes 3 and 23 are connected in 
parallel fo the primary $ of output transformer 
31 their outputs are combined and appear at the 
output terminals 40 and 4 for application fo 
the desired utilization circuit. Tïus, by suitably 
adjusting the position of the variable tap on po- 
tentiometer |00 direct program only may be fed 
through fo the output terminals 40 and |4| or 
any desired amount of artificial reverberation 
may be added. 
What is claimed is: 
1. A device for operating a train of wave en- 
ergy within a banal of frequencies including 
pair of input terminals adapted to have wave 
energy applied thereto, means for coupling a 
control electrode of a vacuum tube fo said ter- 
minais, a pair of output terminals, means for 
coupling the output circuit of a vacuum tube fo 
said terminals, a third vacuum tube having its 
control electrode coupled fo said input and 
output circuit to said output termina]s, a num- 
ber of stretched strings resonant fo low frequen- 
cies within said hand, a coupling from the out- 
put of said first tube fo said strings, a coupling 
from said strings fo a control e]ectrode of said 
second vacuum tube and means for varying the 
coupling of said first named coupling means. 
2. A device for operating a train of wave en- 
ergy within a hand of frequencies including a 
pair of input terminals adapted fo have wave 
energy applied thereto, means for copling the 
control electrode of a first vacuum tube fo said 
terminals, a pair of output terminals, means for 
coupling the output circuit of a second vacuum 
tube to said output terminals, a tl]ird vacuum 
tube having i control electrode coup]ed fo said 
input terminals and ifs output circuit coupled fo 
said output terminals, a number of stretched 
strings fundamenta]ly resonant fo fïequencies 
within the lowermost portion of said hand of fre- 
quencies, magnetic means coupling the output of 
said flrst tube fo said strin2s, magnetic means 
coupling said strings fo the control e]ectrode of 
said second vacuum tube, and means for vary- 
ing the coupling of said first named coupling 
means. 
3. A device for operating a train of wave en- 
ergy within a band of frequencies including a 
pair of input terminals adapted fo have wave 
energy applied thereto, means for coupling the 
control electrode of a first vacuum tube fo said 
terminals, a pair o output terminals, means for 

coupling the output circuit of a second vacuum 
tube to said output terminals, a third vacuum 
tube having its control electrode coupled fo said 
input terminals and its output circuit coupled to 
5 said output terminals, a number of stretched 
strings fundamentally resonant fo frequencies 
within the lowerrnost portion of said band and 
harmonically resonant fo frequencies within the 
remaining portion of said banal fo provide a re- 
10 sponse substantially uniform over said banal of 
frequencies, magnetic means coupling the output 
of said first tube fo said strings, magnetic means 
coupling said strings to the control electrode of 
said second vacuum tube, and means for vary- 
15 ing the coupling of said first named coupling 
means. 
4. A device Eor incorporating a reverberatory 
effect into a train oï wave energy within a band 
o£ ïrequencies including a pair oÏ input terminals 
0 adaped fo bave wave energy applied thereto, 
means for coupling the control electrode of a 
first vacuum tube fo said terminals, a pair of 
outpu terminaIs, means for coupling the output 
circuit of a second vacuum tube fo said output 
5 terminals, a third vacuum tube having ifs con- 
trol electrode coupled fo said input terminals and 
ifs output circuit coupled fo said out-put termi- 
nals, a number of stretched strings fundamen- 
tally resonant fo frequencies within the lower- 
30 most portion of said hand and harmonical]y ïeso- 
nant fo frequencies within the remaining portion 
of said band fo provide said reverberatory effect 
substantially uniformly over said band of fre- 
quencies, magnetic means coupling the output of 
35 said first tube fo said strings, maetic means 
coupling said strings fo the control electrode 
said second vacuum tube, variable means ïor 
dampin the action o£ said strings, and means 
for varying the coupling of said tiret named cou- 
40 pling means. 
5. A circuit arrangement for synthesizing 
verberation having a pair of input terminals fo 
which puises o£ energy within a given frequency 
hand are applied and a leair oE output terminais 
45 Ïrom which said pulses of energy are obtained 
in substantially orighal ïorm within said banal 
together with added reverberation effects, said 
circuit arrangement including one circuit path 
substantially directly intercoupling said input 
50 terminals fo said output terminals and another 
circuit path having means for introducing said 
reverberation effects interposed therein between 
said iput and said output terminals, said rneans 
comprising a plurality of resonan elements qui- 
55 escent in the absence of said applied pulses and 
having coupling means connected in parallel fo 
said input terminals and output couplin means 
connected in parallel fo said output terminals to 
deliver said reverberation effects from each of 
60 said rsonant elements fo said output terminals 
in the same polarity as that of the energy pre- 
sented over said direct path, and means inter- 
posed in said second path to vary the proportions 
of said direct and reverberating intercoçpling. 
65 6. A wave train system for synthesizin re- 
verberations includin a pair of termina!s to 
which wave enery occurrin within a hand of 
frequencies is fo be applied and a pair of output 
terminals, a number of elemen resonant fo fre- 
T0 quencies within said band coupled fo said input 
terminals, said resonant elemenf being dorman 
until excited by said applied wave energy and 
having a hih fiure of merit af which when 
cited into oscillation said oscillations decay over 
 a relatively long period of rime, means for cou- 
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pling said input terminals directly to said output 
terminals, means for coupling said resonant ele- 
ments also fo said output terminals te deliver 
thereat energy frein each of said resonant oie- 
ments in the same polarity as that frein said 
direct coupling, and means for varying the pro- 
portions of said direct coupling and said coupling" 
through said resonant elements te said output 
terminals. 
7. A circuit arrangement for synthesizing re- 
verberation having a pair of input terminals te 
which pulses of energy within a given frequency 
band are applied and a pair of output terminals 
frein which said puises of energy are obtained in 
substantially original ferre within said band to- 
gether with added reverberation effects, said cir- 
cuit arrangement including one circuit path sub- 
stantially directly intercoupling said input ter- 
minals te said output terminals and another cir- 
cuit path having means for introducing s8id re- 
verberation effects interposed therein between 
said input and said output terminals, said means 
comprising a plurality of resonant elements com- 
prising an inductor and a capacitor tuned te a 
frequency within said band shunted by a nega- 
rive resistance device for neutralization to a de- 
sired extent the losses in said element and having 
input coupling means connected in parallel fo 
said input terminals and output couplin means 
connected in p&rallel te said output terminals to 
deliver said reverberation effects frein each of 
said resonant elements to said output termina!s 
in the saine polarity as that of the enerzy pre- 
sented over said direct path, and a variable re- 
sistor interposed in series in said second path to 
vary the proportions of said direct and rever- 
berating intercoupling. 
8. A circuit arrangement for synthesizing re- 
verberation having a pair of input terminals to 
which pulses of energy within a given frequency 
band are applied and a pair of output terminals 
frein which said pulses of energy are obtained in 
substantially original ferre within said band to- 
ether with added reverberation effects, said cir- 
cuit arrangement including one circuit path sub- 
stantially directly intercoupling said input ter- 
minals to said output terminals and another cir- 
cuit path having means for introducing said re- 
verberation effects interposed therein between 
said input and said output terminals, said means 
comprisin a plurality tuned inductance-capacity 
circuits tuned te desired frequencies within said 
band and at least partially shunted by a regen- 
eratively coupled vacuum tube circuit, there being 
isolatin resistors connecting said circuits in 
parallel fo said input terminals and further iso- 
lating resistors connecting said circuits in paralle! 
fo said output terminals fo deliver said reverbera- 
tion effects from each of said tuned circuits fo 
said output terminals in the saine polarity as pre- 
sented over said direct path, and a variable re- 
sister interposed in series in said second path fo 
vary the proportions of said direct and rever- 
beratin intercoupling. 
9. A circuit arrangement for synthesizing re- 
verberation having a pair of input terminals fo 
which puises of energy within a given frequency 
band are applied and a pair of output tmuïainals 
from which said puises of energy are obtained in 
substantially original form within said band to- 
gether with added reverberation effects, said cir- 
cuit arrangement including a resistive path sub- 
stantially directly intercouplin said input termi- 
nals fo said output terminals and another cir- 
cuit path having means for introducing said 

reverberation effects interposed therein between 
said input and said output terminals, said means 
comprising a plurality of parallel connected cir- 
cuits comprising inductors and capacitors tuned 
5 to desired frequencies within said band and hav- 
ing connections te the grid circuit of a vacuum 
tube across at least a part of the inductor iso- 
lating resistors individual te said circuits con- 
necting all of said circuits in parallel across said 
l0 input terminals and further isolating resistors 
connecting all of said circuits in parallel across 
said output terminals te deliver said reverbera- 
tion effects frein each of said parallel comuected 
circuits to said output terminals in the saine po- 
15 larity as the energy presented over said resistive 
path, and a variable resistor interposed in series 
in said second path te vary the proportions of 
said direct and reverberating intercoupling. 
10. A device for synthesizing reverberation 
20 effects for a train of wave energy within a band of 
frequencies including a pair of input termina]s 
adapted te have said wave energy applied thereto, 
a pair of output terminals, a number of elements 
resonant fo frequencies within said band coupled 
25 in parallel te said input and said output ter- 
minals, said resonant elements being dormant 
until excited by said applied wave energy and 
havin a high figure of merit at which when ex- 
cited into oscillation said oscillations decay over 
30 a relatively long period of rime, each of said reso- 
riant elements including a stretched string tuned 
te a low frequency for said band, electroma%uetic 
means coupling said input and output terminals 
to said string, and means for coupling said input 
35 terminals directly te said output terminals fo de- 
liver thereat energy of the saine polarity as that 
frein said resonant elements. 
11. A circuit arrangement for synthesizing" re- 
verberation having a pair of input terminals fo 
40 which puises of energy within a given frequency 
band are applied and a pair of output terminals 
from which said pulses of energy are obte.ined in 
substantially original ferre within said band to- 
gether with added reverberation effects, said cir- 
45 cuit arrangement including one circuit path sub- 
stantially directly intercoupling said input ter- 
minals te said output terminals and another cir- 
cuit path having means for introducing said re- 
verberation effects interposed therein between 
50 said input and said output terminals, said means 
comprising a plurality of stretched stïings each 
resonant te a desired frequency within said band 
and quiescent in the absence of said applied 
puises, an input electromagnetic means coupled 
55 fo said input terminals te excite all of said 
strings and output electromagnetic means cou- 
pled te said output terminals fo deliver said re- 
verberation effects from each of said strings fo 
said output terminals in the saine polaïity as pi'e- 
60 sented over said direct path, and a variable 
sistor interposed in said second path fo vary the 
proportions of said direct and reverberating in- 
tercoupling. 
12. A device for synthesizing reverberation oï 
65 a train of wave energy within a band of fïequen- 
cies including a pair of input terminals adapted 
fo have said wave energy applied thereto, a hum- 
ber of elements resonant te frequencies within 
said band coupled to said input terminals, said 
î0 resonant elements having a high figure of meïit 
ai which when excited into oscillation said oscil- 
lations decay over a relatively long period of time, 
each of said resonant elements includin 
stretched string tuned to a low frequency for said 
75 band and electromagnetic means coupling said 
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input and output terminals to said string, means 
for coupling said input terminals directly to said 
output and means for coupling each of said reso- 
riant elements a]so to said output in the saine po- 
larity as that of energy presented by said direct 5 
coupling, and means for varying proportions of 
said direct coupling and said coupling from said 
resonant elements to said output terminals. 
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